Background: While long working hours seem to lead to impaired health, several studies have also shown that long working hours are related to lower levels of sickness absence. Previous studies on the relationship between long working hours and sickness absence have compared those who work long hours to those who do not, looking only at between-individual correlations. Those results might therefore reflect relatively stable differences between employees who typically work long hours and employees who typically do not. The aim of the present study is to examine within-individual correlations between long working hours and sickness absence. Methods: Records from the Human Resources department in a large Norwegian hospital from 2012 to 2015 provided objective data on both working hours and sickness absence. Two analyses were performed: a prospective cohort analysis to replicate the results from previous between-individual analyses and a second analysis of withinindividual correlations using a fixed effect design. Results: In line with existing research, both between-individual and within-individual analyses showed a negative relationship between long working hours (> 48 h/week) and short-term sickness absence (1-8 days) and no significant difference in incidence of long-term sickness absence (> 8 days).
Background
Sickness absence represents a substantial cost for organizations and the state [1] and can have negative ramifications for the individual, including reduced well-being, alienation, and exit from the workforce [2] [3] [4] [5] . As sickness absence is often also of particular interest as a readily measurable indicator of employee health, it is therefore important to understand the causes of sickness absence. The aim of the current paper is to investigate the relationship between long working hours and sickness absence.
Several studies have shown that long working hours are related to impaired health [6, 7] . Negative outcomes of working long hours include diabetes [8] , depression and anxiety [9, 10] , fatigue [11] , mortality risk [12] , increased risk of accidents [13] , and coronary heart disease [14, 15] . Several of these ailments can, in turn, also be expected to increase employees' risk of sickness absence. However, while long working hours have been found to be related to poorer health, long working hours have also been found to be related to reduced risk of sickness absence [16] .
A recent systematic literature review of working hours and sickness absence identified 17 papers investigating the relationship between long working hours and sickness absence. Collectively, these found moderately strong support for a negative relationship between long working hours and sickness absence [16] . Of the 17 papers, five were prospective cohort studies, all of which found a significant negative relationship between long working hours and sickness absence [17] [18] [19] [20] [21] . None of the 17 identified studies used longitudinal data to investigate how individuals' odds of sickness absence altered when their working hours altered (i.e., within-individual differences) [16] . The aim of the present paper is to look at these within-individual differences.
In particular, the results from the literature review [16] support the view that working more than 48-50 h per week is related to reduced levels of sickness absence. However, the relationship between sickness absence and working 40-48 h per week was less conclusive. The relationship between working hours and sickness absence also tended to be stronger for shorter spells of absence. Shorter absences are generally operationalized as selfcertified absences or absences lasting up to three days. Two papers included more than one measure of sickness absence and found a significant relationship between long working hours and shorter spells of absence, but not between long working hours and longer spells [17, 19] .
Several explanations have been advanced to account for the negative relationship between long working hours and sickness absence, which is the opposite of what would be expected in light of the relationship between long working hours and other health indicators. Several researchers have suggested that the negative relationship between long working hours and sickness absence is caused by a selection effect, often referred to as the "healthy worker effect," where healthier employees choose to work longer hours [19, 22, 23] . It has also been suggested that this negative relationship is due to differences in work characteristics or conditions. For example, employees who work long hours may have jobs that are healthier or more motivating, or may have more scope to attend while ill. Krantz and Lundberg [22] found that a higher percentage of employees in top-level positions work long hours. Finally, some authors have suggested that the negative relationship between working hours and sickness absence is caused by differences in attendance motivation, arguing that high attendance motivation will induce employees to work longer hours and to attend work while ill (i.e., presenteeism) [17, 24] . Attendance motivation may be internal (e.g., caused by job satisfaction) or external (e.g., due to job insecurity). The latter argument is supported by studies showing that long working hours are related to a higher degree of presenteeism [25, 26] . Differences in attendance motivation would also explain why long working hours is related primarily to short spells of sickness absence but not to long absences, as the latter are more likely to have unavoidable causes [17] .
As noted above, all of the studies identified in the systematic literature review compared employees who worked long hours to those who did not [16] . One important question, then, is whether the negative relationship between long working hours and sickness absence is caused by relatively stable characteristics of the individual or by their job. Additionally, it is important to ask how the individual's risk of sickness absence alters when their working hours are altered.
It is possible that employees who typically work longer hours are healthier, have healthier working conditions, and/or are generally more motivated to attend work, which would mean that their levels of sickness absence are lower on average. However, these employees might still experience strain as a result of working long hours, with a subsequent increase in sickness absence as compared to when working shorter hours.
To understand the relationship between working hours and sickness absence, it is necessary to test whether within-and between-individual effects are the same. Of particular relevance is how an individual employee's risk of sickness absence can be expected to alter when their working hours increase. The consequences of long working hours are also highly relevant from a legal and policy perspective. In Norway, the law dictates that the normal working week should not exceed 40 h [27] . However, upon written agreement, the number of hours worked can be calculated as an average so that they do not exceed 40 h per week over a 52-week period, 48 h during an eight-week period, or 54 h during a period of seven days [27] . Similarly, the EU Working Time Directive specifies that weekly working hours must not exceed 48 h on average [28] .
The aim of the current paper, then, is to test the within-individual correlation between long working hours and sickness absence, classifying that absence as short (1-8 days), long (9-183 days) or extra-long (> 183 days) and based on data from a large Norwegian hospital for the period 2012-2015. Using a fixed effects design, this study is the first to investigate within-individual correlation between long working hours and sickness absence. To assess whether any discrepancies between the present findings and previous studies are due to differences in sampling, data, or methods of analysis, a prospective cohort analysis was also performed on the same data.
Method

Participants
The hospital
The study utilized data for the period 2012-2015 from a large Norwegian hospital. Following a merger of three different hospitals in 2010, the hospital has more than 20,000 employees. In addition to providing health care, it is also a research center and teaching hospital. Geographically, the hospital is spread across multiple locations in the capital of Norway.
For the hospital's employees, the number of hours constituting a full-time position (i.e., not counting overtime) varies from 33 to 40 h per week, depending on the position. In most cases, a full-time contract means working 35.5 to 37.5 h per week, but a majority of physicians are contracted to work 38 to 40 h per week. Among ambulance personnel, a full-time position commonly involves less than 35 h per week.
In this hospital, as in Norway more generally, sickness absence attracts full pay from day one, for up to one year. The first 16 days are paid by the hospital, and subsequent days are reimbursed by the state. A medical certificate is needed for absences of nine days or more.
The employees
Hospital records for the study period contained 43,263 unique employee ID numbers. Selection criteria for inclusion in the final samples (as described below) are summarized in Fig. 1 . Selection criteria for the betweenindividual analyses were by year, and by month for the within-individual analyses.
The between-individual analyses examined the relationship between working hours over one year and sickness absence during the following year. Employees who had not worked for at least two full calendar years without breaks in their contracts were therefore excluded from the between-individual analyses. For those employed for more than two years, data were included for the last two complete calendar years.
Any employees with missing information about their working hours or contract during the study period were excluded from both analyses. These were mainly employees who had not logged hours because of weak employment relations (e.g., temps called in on a day-to-day basis) and those who only worked at the hospital in the first years of the study period. Several departments did not start using the system for registering working hours (which was used to collect data for the present study) until 2013. For some employees, contract information may have been incomplete because of imprecise start and end dates. (To preserve anonymity, the hospital transformed start and end dates to quarters before sharing the data). In a few cases, there were errors in the registry.
To make the reference group data easier to interpret, both analyses were confined to full-time employees by restricting the sample to those with at least 80% cumulative employment contracts and who had worked at least 32 h per week on average. By using both logged working hours and contract as selection criteria, the sample excluded those who were on full-time contracts but were absent or on leave (e.g., parental leave) for a significant part of the year. The between-individual analyses also excluded employees who had changed contracts during the year and worked only 80% for parts of the year, as well as employees who had not logged hours for the entire year. For the within-individual analyses, this restriction also excluded months in which employees had worked limited hours because of vacation or other timeoff periods.
Finally, a few additional selection criteria were used for the within-individual analyses. To avoid measuring absence in both the dependent and independent variable, the analysis excluded the month following any month in which an employee was absent. Otherwise, because sickness absence means working fewer hours, the correlation between working hours one month and the odds of sickness absence the next month would be influenced by the correlation between sickness absence one month and sickness absence the next. Additionally, because this analysis considered only variations within individuals, only those with variations in the dependent and independent variables could provide information of interest. On that basis, the analysis was restricted to employees who had worked for more than 41 h a week for at least one month. Furthermore, each analysis automatically restricted the sample to those varying on the dependent variable. The final sample (N) was therefore smaller for the analysis of longer spells of absence, as fewer employees exhibited variation in that outcome variable.
Data
The data comprised three merged registries from separate hospitals for the years 2012 to 2015, based on scrambled employee ID numbers. The use of Human Resource department records made it possible to track changes in working hours and sickness absence over years for the same individuals, using objective data with a high level of accuracy.
Demographic information
The first registry contained contract and demographic information, including salary, age, gender, country of origin, position, and nature of contract (i.e., temporary or permanent). Country of origin was categorized as Norwegian, other Nordic countries, other Western countries, and non-Western countries. Work positions were categorized as physician, nurse, other patientoriented position, administration/management, kitchen/ cleaning/orderly, other operations (e.g., IT), and other.
As some employees had more than one employment contract, this information was summarized when possible (e.g., total salary), based on the contract with the highest percentage of a full-time equivalent for variables where it was impossible to summarize in this way (e.g., temporary or permanent position). A dummy variable was used to indicate that the employee held more than one contract.
Sickness absence
The second registry contained information about absences. Each spell of absence was registered as a start and end date and absence percentage (i.e., if an employee was 100% absent or partially absent). All spells of absence were included in the analyses, regardless of the percentage. Spells of absence were merged where one began the day after another ended. The data were aggregated to indicate whether an employee began a short spell of absence (1-8 days), a long spell of absence (9-183 days), or an extra-long spell of absence.
(> 183 days) in the given period. Distinguishing between short and long spells of absence was important because shorter spells are also influenced, to a greater extent than longer spells, by factors other than health [29, 30] . Shorter absences were operationalized as 1-8 days because a medical certificate is necessary only for absences lasting nine days or more. Extra-long spells of absence of more than 183 days were included to reflect the expectation that long working hours are also likely to be related to relatively severe health outcomes.
Working hours
The third registry contained information about the number of hours spent working and recorded each shift worked by each employee, along with start time, end time, organizational unit, and type of shift. As these records are used to calculate salaries, they are likely to be relatively accurate. Approximately 8% of employeemonths included on-call shifts, and approximately 5% of employee-months included shifts registered as combining active and on-call work. To make the analysis less comprehensive, the combination shifts were recorded in terms of active and on-call hours, based on a registry indicator of equivalent active hours-in other words, a seven-hour-long combination shift registered as equivalent to four active hours was coded as four active hours and three on-call hours.
The data were aggregated to include the number of hours working active shifts and the number of hours on call during each month and year. For the betweenindividual analyses, average weekly working hours were calculated by dividing the number of hours spent working during the year by 230 (because a full-time employee in Norway is expected to work approximately 230 days a year) and then multiplying it by five (the number of working days per week). For the second analysis (withinindividual), average weekly working hours were calculated by dividing the number of working hours in the month by the number of calendar days in that month and multiplying by seven.
This study focused on active shifts, categorizing active working hours (in accordance with the previous literature) as averaging 32-40, 41-48, or > 48 h a week. The reference group was 32-40 h. On-call shifts were included as a dummy control variable, indicating whether the employee also worked on call in the given month and year.
Statistical analyses
For the first (between-individual) analyses, the data were analyzed using random effects, with a random intercept per work unit, controlling for the fact that work tasks and environments differ between units, and that employees are nested within their respective units.
For the second (within-individual) analyses, the data were analyzed using fixed effects, looking only at variation within individual employees. In this way, the fixed effect analysis controlled for all stable differences between individuals.
Results
Employee demographic data are presented in Table 1 , which shows that the hospital employs a diverse workforce that includes physicians, nurses, accountants, PR personnel, engineers, and cleaning staff, as well as workers in other fields.
The different employee groups exhibit clear differences in their propensity to work long hours. While physicians make up only 16% of the total sample, 67% of those employees who worked 48 h a week (on average during a month) are physicians. Similarly, while 71% of employees are female, only 43% of the employees who worked 48 h a week are female.
The results of the prospective cohort analysis (Table 2 ) show significantly lower odds of short-term (1-8 days) sickness absence for employees working long hours (41-48 h and > 48 h) but no difference in long-term sickness absence (> 8 days).
The fixed effects analyses (Table 3) showed significantly lower odds of short sickness absence for individual employees after working long hours, with no difference for semi-long working hours (41-48) or for longer sickness absences. Demographics for fixed effects shows percentage of employees with at least one instance of the given variable. N refers to all employees eligible to be included; for the fixed effects analyses, only those employees with variation in their dependent variable were included in the final analyses
Additional analyses (not shown) tested the robustness of the results of fixed effects analysis. Analyses using working hours over the previous six months as the independent variable did not yield substantially different results. Similarly, a single analysis of all medically certified absences (> 8 days) (to strengthen the analysis by increasing the number of employees with at least one spell of absence) did not yield substantially different results. Again, analyzing only ≤3 days of absence-the spell returning the most consistent findings in previous studies-yielded similar findings.
Discussion
As expected, and in line with the previous literature, the prospective cohort analyses showed significantly lower incidence of short-term sickness absence (1-8 days) for employees working long hours (both 41-48 h and > 48 h). As there was no significant relationship between working long hours and odds of long or extra-long sickness absences, the results also support previous findings that working long hours relates mainly to lower odds of short sickness absences and not necessarily to longer absences [17, 19, 21] . In general, the findings from the prospective cohort analysis are very similar to the results of previous cross-sectional and prospective cohort analyses.
Notably, the fixed effects analysis did also indicate a significant relationship between working long hours (> 48 h) and short-term sickness absence. This is the first study to test this within-individual relationship.
Practical and theoretical implications of the findings
The current results have three especially important implications, the first of which relates to how we interpret the negative relationship between long working hours and sickness absence. While the between-individual analyses' support for relatively stable individual differences might partly explain the lower absence rate among employees who work long hours, the relationship does not seem entirely due to stable differences between individuals. The within-individual relationship may indicate that employees regulate how much they work in accordance with fluctuations in their own health-that is, they work more when they feel fit. Attendance motivation may also fluctuate according to work demands, as employees may be more reluctant to call in sick during periods of high work pressure because of an increased sense of being needed or increased guilt about leaving already pressured colleagues to do more work. Second, in line with two previous studies, the present results only showed a significant relationship between long working hours and short-term sickness absence [17, 19] , supporting the view that lower sickness absence rates among those working long hours are likely to be caused by those factors that are most relevant for shorter absences. If employees who work longer hours were significantly healthier, we would also expect to find a relationship between long working hours and long-term sickness absence. Attendance motivation and more scope to attend work while ill might be more relevant explanations when only short-term absence is lower.
Third and notably, these results do not align with previous research showing that increased health problems are a consequence of long working hours [6, 7] . We might expect that, after controlling for stable differences between employees and their work, the results would show increased absence following periods of long working hours. While employees who work longer hours typically also have lower absence rates, they may nevertheless experience strain as a result of working long hours, with increased absence as compared to when working shorter hours. However, the results do not support any such relationship. Arguably, one explanation for the lack of a positive correlation in the fixed effects study between long working hours and sickness absence is that some health problems may take time to manifest. However, looking at working hours over the previous six months did not alter these results substantially. The lack of a positive relationship between working hours and sickness absence might also be an effect of the sample. Some studies have reported that the negative health consequences of long working hours are found mainly among blue-collar workers [8, 12] ; in the current sample, it is mainly white-collar employees who work long hours, especially physicians. Future studies should further explore why no positive correlation was found here between long working hours and sickness absence.
As mentioned earlier, current legal policies allow employers to calculate average weekly working hours over an extended period, so allowing for shorter periods of long working hours [27, 28] . The results indicate no negative ramifications of such policies in relation to sickness absence.
Limitations and strengths
Some of the study's limitations and strengths are worth commenting on. The case hospital offered a unique opportunity to use objective longitudinal records of working hours, measuring both dependent and independent variables with high precision over 4 years. Using a fixed effects design, this study is the first to investigate within-individual correlation between long working hours and sickness absence. Although this was a large heterogeneous sample, the employees who work long hours are mainly white-collar groups. This limits the generalizability of the findings, and their application to populations of blue-collar workers who work long hours requires further investigation. However, the similarities between the results of previous analyses and the first cohort analyses in the present study tend to support the study's generalizability.
The final samples, consisting only of full-time employees who log at least 32 h a week on average, excludes a large number of employees who did not meet all the inclusion criteria. These exclusions are important for the interoperation of the results. The relationship between work hours and sickness absence is unlikely to be linear [16] , and including part-time employees in the control group could have influenced the results. Furthermore, because both analyses are longitudinal (prospective cohort and fixed effect) the sample is restricted to employees who have worked at least two consecutive periods (2 years for the prospective cohort and 2 months for the fixed effects analyses). Some employees in the hospital sector work on relatively short-term contracts and they might differ from permanent employees both in terms of pressure to work long hours and pressure to attend work while ill.
Finally, the use of objective records provides no information about employees' motives and experiences. Additional information, such as why employees work long hours, may yield more nuanced results.
Conclusions
While long working hours seem to lead to impaired health, several studies have also shown that long working hours are related to lower levels of sickness absence. In line with previous studies of sickness absence, the present results showed significant between-individual differences indicating that employees who work longer hours have lower absence rates. One novel contribution of the current study was that it also investigated withinindividual differences in relation to long working hours and sickness absence and how employees' odds of sickness absence change when their working hours change. The results show a moderate reduction in the odds of short-term sickness absence after months of long working hours. These results indicate that the negative relationship between long working hours and short-term sickness absence is not only a consequence of stable differences between those who typically work long hours and those who typically do not. One possible explanation is that employees' attendance motivation increases when work pressure is high, with an accompanying decrease in short-term sickness absence. These findings conflict with earlier studies reporting a relationship between long working hours and reduced health, and future studies should explore this contradiction.
Current legislation commonly emphasizes average working hours over an extended period, allowing for shorter periods of long working hours. The current study found no negative effect of long working hours on sickness absence in the hospital sector.
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